An important aspect of schizophrenia symptomatology is inner-outer confusion, or blurring of ego boundaries, which is linked to symptoms such as hallucinations and Schneiderian delusions. Dysfunction in the cognitive processes involved in the generation of private thoughts may contribute to blurring of the ego boundaries through increased activation in functional networks including speech-and voice-selective cortical regions. In the present study, the neural underpinnings of silent verbal thought generation and speech perception were investigated using functional magnetic resonance imaging (fMRI). Functional connectivity analysis was performed using constrained principal component analysis for fMRI (fMRI-CPCA). Group differences were observable on two functional networks: one reflecting hyperactivity in speech-and voice-selective cortical regions (e.g., bilateral superior temporal gyri (STG)) during both speech perception and silent verbal thought generation, and another involving hyperactivity in a multiple demands (i.e., task-positive) network that included Wernicke's area, during silent verbal thought generation. This set of preliminary results suggests that hyperintensity of functional networks involving voice-selective cortical regions may contribute to the blurring of ego boundaries characteristic of schizophrenia.
Introduction
An important aspect of schizophrenia symptomatology is alienation, which can lead to self-other and/or inner-outer confusion, or blurring of ego boundaries, and is linked to symptoms such as hallucinations and Schneiderian delusions (Larøi and Woodward, 2007; Waters et al., 2010) . In the source monitoring and schizophrenia literature (Seal et al., 2004; Woodward et al., 2007; Allen et al., 2008) , it has been suggested that alienation and misattribution of thoughts could be explained by either a degraded top-down "generatingthoughts" signal, or the bottom-up addition of perceptual attributes to internal events. We investigated this issue using functional magnetic resonance imaging (fMRI) to study the cognitive operations accompanying the formation of private, self-generated thoughts as well as speech perception.
Examination of the cognitive operations contributing to thought generation and speech perception can be enhanced using fMRI because the neural regions involved in the cognitive operations of theoretical interest are relatively well established. Specifically, the generation of thoughts would be expected to activate what is referred to as the task-positive (Fox et al., 2005) or multiple demands network (Duncan and Owen, 2000) , involving the dorsal frontal, parietal, and anterior cingulate cortices, as these activate when attentionally demanding tasks are carried out. In comparison, speech perception should activate primarily speech-and voice-selective cortical regions (Belin et al., 2000) , and more specifically vocal speech regions, which include the primary auditory cortex, superior temporal gyrus (STG) and adjacent Sylvian fissure regions (Zatorre et al., 1992; Belin et al., 2000; Binder et al., 2000; Buchsbaum et al., 2005; Hickok and Poeppel, 2007) . Thus, measurement of the functional networks involved in thought generation and speech perception in schizophrenia patients could provide evidence that relates to alienation theories.
Early attempts at localizing the neural underpinnings of silent thought employed overt and/or covert word generation. However, overt generation of a word (Frith et al., 1991 (Frith et al., , 1995 Friedman et al., 1998) does not promote the separation of perceptual and generational cognitive processes. Studies using covert generation of a word (McGuire et al., 1996a; Curtis et al., 1998 ) allowed generation to be studied separately from perception, but perception of another's voice for comparison was omitted from these studies. One positron emission tomography (PET) study on healthy subjects employed sentence generation and a separate speech perception condition (Müller et al., 1997 Contents lists available at SciVerse ScienceDirect Psychiatry Research: Neuroimaging j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / p s y c h r e s n s
